INTRODUCTION
In the Netherlands, two outbreaks of poliomyelitis were experienced in 1978 and 1992/3, despite a very high vaccination coverage [1] [2] [3] [4] . This paper gives an overview of the epidemiology of polio in the Netherlands in the years between these two epidemics, and the results of serologieal and virological studies. These data give the background for the most recent epidemic in 1992/3. 290 H. C. RtlMKE AND OTHERS during polio epidemics. Childhood immunizations are fully integrated in the primary health care system [5] . Vaccination against poliomyelitis began in 1957 with a 4-year national campaign in which IPV was given to over 90% of children born after 1945. Since 1962, a quadruple DPT-IPV vaccine against diphtheria, pertussis, tetanus and poliomyelitis has been used [6, 7] . From 1965 onwards, the vaccination schedule included 4 doses of DPT-IPV vaccine at 3,4,5 and 11 months of age, followed by 2 doses of DT-IPV at 4 and 9 years of age. Since the introduction of the microcarrier culture technique for cultivation of viruses in 1978 [8] , the polio components of DPT-IPV and DT-IPV have been: (killed) PV type 1 (PVl) (Mahoney strain), PV2 (MEF 1 strain) and PV3 (Saukett strain) at a concentration of 40-4-7-5 D-antigen units, respectively per dose.
For many years now, the vaccination coverage has been very high, and currently the national coverage in infants receiving at least three doses of DPT-IPV is 97%. In some municipalities (35 in 1992) or villages, however, vaccination coverage is below 90%, with some even as low as 60%. These are concentrated in an area stretching as a belt from the south-west to the north-east of the country, where there are several communities who refuse vaccinations for their children and themselves on religious grounds [5] . Many of these municipalities were affected by polio during the recent epidemics [1] [2] [3] [4] . Initiatives to increase acceptance of vaccination in these groups in our country have not succeeded. In addition, 400000-500000 children and adults are not vaccinated for other reasons, and live scattered all over the country. They appear to have multiple reasons for not being vaccinated, such as ignorance with the health system, socio-ethnic problems in immigrant populations, 'illegal' residency, or objections against vaccinations because of nature-based attitudes towards life [5] .
HISTORY AND INCIDENCE OF POLIOMYELITIS
Poliomyelitis is a notifiable disease in the Netherlands. The polio immunization campaign from 1957-60 was launched directly after the large polio epidemic in 1956, followed by a strong decline of reported polio cases ( Fig. 1 ). Between 1961 and 1991, 293 cases were notified (PVl: 269; PV2: 1; PV3: 23) [1. 6, 7] . Since 1965, all cases of poliomyelitis occurred in unvaccinated persons, with one exception; a boy who in 1966 had received only one dose of DPT-IPV as an infant, and caught the disease in 1968 [1, 6] . Between 1961 and 1971 small local outbreaks caused by PVl occurred in communities with low vaccination coverage because of religious objections. In 1978, a PVl, and in 1992 a PV3 epidemic occurred [1] [2] [3] [4] . These epidemics affected several provinces, and were not limited to municipalities with a low vaccination coverage, but occurred specifically among persons belonging to a few distinct orthodox protestant denominations that reject vaccinations. These groups had strong social coherence with many intensive contacts within their groups, and lived relatively isolated from the general population. From all over the country most of their children attended one of their four secondary schools [2, 4] . This pattern of life facilitated transmission of PV within the group which included members of the religious groups in other countries [9, 10] . Members of these groups living in municipalities with a high vaccination coverage were also affected. During the last two epidemics in 1978 and 1992 the spread of PV appeared to be limited to the above mentioned risk groups [2. 4] . In • T f f 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 Year non-vaccinated persons belonging to other groups, even those with an almost similar orthodox protestant background and living in the same area, polio patients did not occur, with only a single exception during the most i*ecent epidemic (a 61-year old Roman-Catholic man) [4] . From 1958-84. 11 imported sporadic polio cases were notified. There have been no more imported cases since then. As killed poliovirus vaccine is used exclusively, cases of vaccine-associated paralytic poliomyelitis have not occurred.
Surveillance of PV circulation in the Netherlands in the 1960s and 1970s indicated that endemic transmission probably had ceased [1] , though during the epidemic in 1978 a serosurvey among school children born between 1962 and 1968 demonstrated antibodies to PV1. as well as to PV3. The PV3 antibodies were neither explained by vaccinations nor by the epidemic [2] . It was thus inferred that type 3 virus had circulated silently between 1968 and 1978.
ANTIBODY RESPONSE AFTER POLIOYACC1NAT1ON
Results of two studies indicate that the routine vaccinations build a strong immunity against poliomyelitis. The first study included a cohort of children mainly from health care workers recruited by advertising in (para)medical journals. They were followed during the 9 years over which vaccinations were offered (Table 1A ). The study was done by RIVM. in cooperation with the Netherlands Institute of Preventive Healthcare, Leiden. A total of 150 children were enrolled between 1979 and 1983. Blood samples were taken before and after each vaccination. After three DPT-IPV vaccinations, nearly all children had neutralizing antibodies. After the revaccinations at about 1.4 and 9 years, all children had antibodies, with increasingly high titres.
The second study was done in Rotterdam in 1989. jointly with the Municipal 292 H. C. RtJMKE AND OTHERS Health Service, in 9-year-old children who were randomly invited from the population register. Blood samples were taken before and 3 months after their sixth DT-IPV vaccination (Table IB) . Almost all pre-vaccination sera were positive against the three types of PV, probably resulting from the previous five vaccinations. After vaccination all children were antibody-positive, and the titres were considerably higher, with an average fourfold increase. In these sera, neutralizing activity against the inducing vaccine strain (Saukett) was found to be comparable to that against the type 3 virus strain that caused the epidemic in 1992/3 [4, 11] . It is assumed that all those who have been immunized according to the national immunization program are well immune against PV.
AGE-STRATIFIED ANTIBODY STATUS OF THE POPULATION To assess the antibody status of the Dutch population against poliomyelitis (and other infectious diseases) national sero-epidemiological studies were done in 1980 and 1985. General practitioners of the Dutch "NIVE1V Sentinel System. which covers about 1% of the population, collected sera from health persons, visiting their practice. Only age and sex were recorded [12, 13] . A total of 1475 sera could be examined (798 in 1980, 677 in 1985) . Results are presented as PV antibody prevalence (neutralizing antibody titre ^ 8). and geometric mean titre by year of birth (Fig. 2) . Nearly all of those born after 1945 had antibody titres against PV1. and to a lesser extent, but still over 90%. against PV2 and PV3. Presumably, the antibodies in this group resulted from previous vaccinations, whereas the contribution of immunization by endemic virus is very small. Nearly all those born before 1930 had antibodies. In this group, immunity most probably resulted from contact with endemic PV. A part of the group born between 1930 and 1945 lacked circulating neutralizing antibodies: 10 % against PV1. and 22 and 25% respectively against PV2 and PV3. had titres below 8. Geometric mean titres 294 H. C. RtJMKE AND OTHERS paralleled antibody prevalence figures, antibodies against PY1 being higher than to PV2 and PV3.
A study in 1986 in the city of Utrecht (Municipal Health Service) among 668 persons born before 1945 randomly selected from the population register, confirmed the findings described above [14] . Moreover, it was found that among persons with a lower socio-economic status both antibody prevalence and mean titres appeared to be higher [14] .
To determine whether absent or low titres of antibodies imply that persons are not protected against challenge with PV, we examined a group of 337 persons born between 1901 and 1960 (municipality workers, groups of elderly citizens. RIVM employees). Persons with serum neutralizing antibody titre below 8 were given DT-IPV vaccine. Before vaccination, 24 persons lacked antibodies against PV1. Within 1 week after vaccination, 22 (92%) showed an at least fourfold titre rise. For PV2 and PV3. these figures were 25 of 29 (89%) and 24 of 29 (83%), respectively. These rapid booster reactions demonstrate that more than 80% of these antibody-negative persons most probably had been primed, and were therefore immune.
ISOLATION OF POLIOYIRUS
All PV strains isolated in Dutch virus laboratories are sent to the Laboratory of Virology of the RIVM for intratypic differentiation with cross-absorbed intratype-specific antisera. used in neutralization tests or enzyme immunoassays [18] . From 1979-90. 895 PV isolates were submitted for intratypic differentiation. Their number decreased over the years. Isolates were obtained from (i) adopted children, (ii) patients with various symptoms requiring viral examination of faeces, and (iii) environmental samples.
(i) Between 1979 and 1989 557 PV strains were isolated from 5868 faecal samples from adopted children who had recently entered the country. The majority of samples were collected by the Amsterdam Municipal Health Service, as partly described earlier [1] . Most of the isolates (92%) were characterized as Sabin virus strains, but 44 (8%) were wild PV strains ( Table 2 ).
(ii) Between 1985 and 1990. 49 PV strains were isolated by virus laboratories in faecal samples from patients: 21 were found to be wild strains (15 PV1. 6 PV3) and 28 were Sabin-like virus strains ( Table 2 ). These isolates came always from households with a history of international travel. The three "imported" polio patients (see above) were also included in this group. The other patients had no clinical signs of poliomyelitis. Between 1985 and 1990 out of over 46000 faecal cultures wild PV was isolated in only 23 faecal samples.
(iii) Between 1979 and 1989. we received strains from water samples from the rivers Rhine and Meuse for further typing, as part of a study into the quality of drinking water. Large samples of water were concentrated, and a selection of viruses found through the plaque method were typed [ 161. From 58 water samples. 289 PV strains were isolated, of which 13 were wild type (PV1. 11: PY2 and PV3: 1). The wild type isolates were found in 1981-3. Water samples from the river "Drentse Aa". that originates in the Netherlands, never yielded PV. vaccine nor wild. i not available. was ended in 1989. Vaccination coverage exceeds 97 % of the younger population. We have shown that antibody prevalence in the vaccinated generations is very high. Vaccineinduced antibodies apparently persist for decades; the younger generations born after 1950 are hardly exposed to circulating wild PV. Similar observations have been made in Sweden [17J. Vaccinees appear therefore well protected against poliomyelitis for a very long period of time after vaccination, presumably lifelong. Our studies indicate that most inhabitants born before 1950 are protected against PV1, and to a lesser extent against PV2 and PV3. Even in persons with antibody titres below 8, a secondary immune reaction after vaccination was found in over 80% of such seemingly unprotected individuals, indicating immunologic memory. This will most likely protect them against disease upon challenge with wild virus.
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Between the epidemics in 1978 and 1992, only three non-vaccinated patients with poliomyelitis were notified, and they acquired the disease abroad. We have shown the presence of wild PV since 1979 in persons with a history of travelling abroad or their (household) contacts. Such asymptomatic carriers can shed PV for weeks after infection and are considered as the prime source for an epidemic. Evidence of indigenous virus transmission was not found, and thus any PV occurring in the Netherlands probably is imported by travellers from countries where PV is still endemic. In Holland, travellers to PV-endemic regions are advised to be (re)vaccinated with IPV or DT-IPV, to reinforce systemic and gut immunity and thus to reduce the chance of importation.
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The presence of PV in river water is no necessarily a sign of indigenous transmission, nor a threat to public health. The vaccine-like viruses presumably originated from neighbouring countries (Germany, Belgium), where live polio vaccine is given in the immunization programs. It is unclear where the wild viruses came from; they could have been imported into the neighbouring countries, and through the sewage systems finally have ended up in the rivers passing through our country.
Most of the imported PV will not cause outbreaks because of the high level of population immunity. In the epidemics of 1978 and 1992, the exact source of virus introduction was not known, but we assumed that a direct importation into the susceptible groups with very coherent social structures had lead to these confined epidemics, in which the virus was transmitted through narrow but international streams. Virus typing results suggested that in 1978 a relation existed between the Dutch epidemic and an epidemic in North America and Canada, and a virus isolate in Turkey in 1977 [9] . Again, in 1993 virus strains were also isolated in (family) contacts in North America and Canada (10) . In these epidemics, with one single exception, no cases were found among the large numbers of persons that did not belong to the above mentioned communities and were not vaccinated for similar reasons, even when they lived in the same area but within another social environment. Either these persons were adequately protected by herd immunity, or they had not been exposed as a consequence of their segregated way of life.
Herd immunity was observed in IPV-vaccinated communities in the United States in 1959 [18] . However, it is known that IPV-recipients can excrete PV after challenge with wild or vaccine virus [19, 20] , and may contribute to faecal spread. Mucosal immunity to PV shortly after vaccination with live oral PV vaccine (OPV) appears stronger than after vaccination with IPV [20] , Some studies have indicated that the extent of intestinal virus carriage (virus titres and duration of excretion) is lower in persons with high pre-challenge titres of serum neutralizing antibodies [18, , but others could not confirm this [19] .
We are convinced that polio epidemics in our country are due to failure to vaccinate, regardless of the type of vaccine used. Epidemics appear to occur in countries using OPV, not only in non-immunized pockets [10, 24] , but also in the general population [25] [26] [27] . In these countries the average vaccination rates in susceptible groups were lower than in the Netherlands (70-90%), but in our country the rates among the orthodox reformed communities were very low. Herd immunity to PV is not solely dependent on the type of poliovaccine used, but on the over-all immunity level, socio-economic and hygienic conditions as well. It is questionable whether the additional use of OPV contributes further to herd immunity in the general population and will prevent epidemics in non-vaccinated pockets.
In 1988 the World Health Assembly adopted a resolution for the global eradication of poliomyelitis, and a plan of action for eradication of poliomyelitis by the year 2000 was formulated [28] . So far the eradication programme appears successful, bearing completely upon OPV, being cheap and easy to administer during routine and mass vaccination campaigns [29] . In some countries however, there may be a role for IPV (alone or additional to OPV), based upon epidemiological and practical arguments [30, 31] . The global programme will
